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Standard  Collision  Models 


Previous  Collision  Methods: 

o  Monte  Carlo  Collisions  (MCC) 

-  Particles  Collide  with  Background  “Fluid” 

-  Often  Used  in  Plasma/PIC  Simulation 

-  lon-e~  Collisions  Assume  Stationary  Ions 

-  No  Conservation/Detailed  Balance 

o  Direct  Simulation  Monte  Carlo  Collisions  (DSMC) 

-  Most  Modem  Versions  use  No-Time  Counter  (NTC)  Method 

-  Conservative/Reversible  Collision 

-  Satisfies  Detailed  Balance 

-  Subset  of  Possible  Collisions  Sampled 

-  Random  Selection  vs  Zy  for  All/Nothing  Collision 
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Collide  to  Bins 


o  Fractional  Collision  as  Rate  Equation 

o  Bin  Moments  needed  for  Particle  Pairs 

©  Particle  Pairs  (i,j)  Picked  Randomly 

©  DSMC-like  Collision  (VHS,VSS,etc.) 
Random  x,  0  (v*/ ,  vy) 

©  Octree  to  Find  i'  and  /  Bins 
8l  — >>  Few  Levels  to  Search 

Conserve  Mass,  Momentum,  and  Energy 
Memory  Constant  Independent  of  Nselec1 
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Time  Marching 


Non-linear  Equation  in  Terms  of  Weights: 


SQ 

St 


=  F(Q) 


Amenable  to  Time  Marching  Schemes? 


□  >  <1  gP  >  <  :  =  ►  ^  ^>0^0 
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Time  Marching 


Non-linear  Equation  in  Terms  of  Weights: 

f =na 

Linearized  Crank-Nicolson: 


^  =  A,Uo)  +  i| 


SQ 


SQ  =  At  \  I  — 


At  6F 
~2  SQ 


-1 


F(Q°) 
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Time  Marching 


Non-linear  Equation  in  Terms  of  Weights: 

f 


Linearized  Crank-Nicolson: 


SQ  =  Af  [  F(Q°) 


1  SF 

2  SQ 


SQ 


-l 


E(e°) 


But  Complex  in  v,-,  in  Terms  of  Q... 
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Time  Marching 
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Direct  Time  Marching? 


Marching  Worse  than  Original  F-NTC? 


SQ 

St 


=m ) 


Approximation  of  Random  Discrete  Jump 
Process 


□  >  <  gp  >  <  =  ►  <  -s  ►  ^  'O  Qs  o 
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Direct  Time  Marching? 


Marching  Worse  than  Original  F-NTC? 


SQ 

St 


=  F(Q) 


Continuous: 

rAt 

5Q  «  AtF(Q)  SQ  =  /  F(Q(t))dt 
Jo 

Order  of  Jumps  is  Random 
Approximates  Nature  as  Nselect  — oo  Increase 
/  — )>  Smaller  Jumps  Indpendent  of  At 
Continuous  Update  of  VDF  Evolution 


□  >  <  gP  >  i  =  ►  <  -1  ►  ^  'O  Qs  o 
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o  Standard  Collision  Incompatible  with  Variable  Weight 
©  Fractional-NTC  Option  for  Variable  Weight  Collision 
©  Bin-To-Bin  F-NTC  Potentially  Alleviates  Memory  Constraints 
©  Bin-To-Bin  also  Allows  Route  to  Advanced  Time  Marching 
©  Preliminary  Advanced  Time  Marching  Requires  Additional  Study 
©  Verification  vs.  Standard  Shock  Cases/etc.  Needed 


:  □  <i  gP  >  <  =  ►  <  |  ^  'OQlCv 
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End 

Thank  You 

Questions? 

<  □  ◄  s  ►  <  i  ► 

<  =  ►  ~= 

Robert  Martin  (AFRL/RQRS) 


Distribution  A:  Approved  for  public  release 


15  / 15 


